The delignification of wood pulp using hydrogen peroxide and xylanase enzyme in an ultrasonicator was studied at different process conditions. The factors influencing the chemical delignification were studied simultaneously using the Box-Behnken design of experiments. The mathematical model for Kappa reduction as functions of consistency of the pulp, concentration of peroxide and the temperature of delignification was developed. The response optimization studies for minimizing the Kappa number using chemical delignification provides the optimal conditions of 11% consistency of pulp, 3% concentration of peroxide and 50 o C temperature with Kappa reduction to 15 as optimum value for the range of variables studied. The sequential delignification using enzyme followed by peroxide treatment was found effective with maximum reduction in Kappa number was achieved.
Introduction
The delignification of ligno-cellulosic pulp for papermaking aims at removing the residual lignin to impart pulp brightness. The residual lignin is the cause for the dark color of chemical pulps; hence it has to be degraded without significant damage of polysaccharides in order to preserve the strength of the paper.
Pulp production has two objectives to separate the cellulosic fibres from lignin and to remove as much as lignin possible. The long pulp fibres produce the best quality paper of highest brightness. The bleaching step which follows pulping is used to remove the residual lignin to further brighten the paper produced (de Andres et al., 2016; Sinclair, 1990; Walsh, 1991) . The conventional bleaching with hazardous materials releases the Chlorine based chemicals to the environment and hence they are being fast replaced by oxygen based technologies (Dence and Reeve, 1996) . The oxygen is used to remove the lignin in the pulp and for the single oxygen stage delignification does not exceed 40% to 50% (Bailey, 2000; Kontturi et al., 2005; Suchy and Argyropoulos, 2001) . The degradation by oxygen in presence of polyoxometalates resulted in efficient oxy delignification (Evtuguin et al., 1998; Gamelas et al., 2005; Gaspar et al., 2003; Ruuttunen and Vuorinen, 2005) . The oxygen delignification efficiency is rather low for low Kappa pulps containing high hexeneuronic acids concentrations (Colodette et al., 2007; Eiras and Colodette, 2005) .
The elemental chlorine free bleaching (ECF) has gained much importance these days to reduce the hazard of chlorine compounds on the environment. Hence the hydrogen peroxide usage as bleaching agent gains much importance in delignification of pulp (Chai et al., 2004; Francis et al., 2003; Manning et al., 2006; Roy et al., 1995; Van Lierop et al., 2007) . A critical point in choosing a bleaching
